In the minds of many, Hox gene null mutant phenotypes have confirmed the direct role that these genes play in specifying the pattern of vertebrate embryos. The genes are envisaged as defining discrete spatial domains and, subsequently, conferring specific segmental identities on cells 
the genes undergo sequential activation in Hensen's node as it regresses during gastrulation (1, 2) . Just how these borders arise remains a matter for conjecture. However, recent evidence may provide a hint: some of the early expressing genes activate in two phase (3) (4) (5) . In the first phase, they are expressed in the posterior primitive streak (presumptive extra-embryonic mesoderm). This expression domain expands anteriorly until it meets Hensen's node, whereupon the second phase of expression is initiated. Expression in the primitive streak subsides, and a new domain comes into prominence in the tissues left behind as the node regresses posteriorly. In other words, the anterior border of expression for these particular
Hox genes seems to be a function of when and where the first expression wave intersects the regressing node. Much as Drosophila selector genes act to specify the identity of body segments, Hox genes seem to specify the identity of murine body segments, the somites and, ultimately, the vertebrae (6) . A 'Hox code' is commonly invoked to explain how cells in vertebrate embryos are regulated as they differentiate along the neural axis (7) . There are two variations of this paradigm but, in both, Hox genes define discrete spatial domains which serve to establish an initial map, or plan, which leads to specification of distinct morphological characteristics of the vertebrae. 
Problems
The current models fall short in explaining Although we might disrupt this gene, the tissues anterior to its normal expression domain are presumably specified in normal fashion by the previous Hox gene in the cluster. Segmentation and regression of Hensen's node continue, however, and paraxial mesoderm becomes . Treatment with retinoic acid (C) proximalizes (anteriorizes) the positional identity of cells at the amputation plane so that a discontinuity is created. When this discrepancy is smoothed, positional information is intercalated by the shortest possible route, resulting in the production of a gradient of reverse orientation (D). The biological effect of this is to cause a regenerating tail blastema to recapitulate structures in an antipodal fashion (E). In tadpoles, the mirror image duplicated region is compressed developmentally, yielding structures which contain anteriorly and posteriorly oriented supernumerary limbs in close proximity. To understand this, it may be helpful to review the temporal features of somite formation.
Periodic reiteration of developmental anomalies
The appearance of periodic vertebral The mutational inactivation of one of the Hox genes (dashed line) initially results in a reiteration of positional information since, though axial specification is aberrant, segmentation presumably continues. Specification, however, repeats, using information established by the more anteriorly expressing, intact Hox gene. The anterior edge of one 'respecified' somite abuts the posterior edge of the previously formed somite, which is of a more posterior axial value. A discontinuity (represented by cross-hatching) is formed which must be smoothed by intercalation. Similarly, a more posterior discontinuity is also created and must be smoothed. (C) When positional information is intercalated (underscored numbers), two new zones arise, one of which is of reverse orientation to the normal axial progression of coordinates (arrows). The anterior discontinuity is resolved through creation of a mirror image duplication of variable phenotypic penetrance. The posterior discontinuity may be resolved within the same cell cycle (doubly underscored numbers), resulting in an posterior differentiation pattern normal to external appearances. However, if this perturbation is severe, or the next Hox gene to impinge upon the pacesetting cells arrives late in the cell cycle, a discontinuity might not be resolved within that pre-somite and cells will have to wait for one cell cycle (or seven somites) to complete the intercalation. This would yield reiterated vertebral perturbations. Cells fated to contribute to the next somite presumably will have more time to smooth positional discontinuities and will ultimately give rise to more contextually appropriate axial morphologies. Although the diagram represents the rectification of discontinuities over a chronological and spatial distance on the order of somites, pattern respecification might be directed by only a few 'pioneer cells' at the anteriormost boundary of the aberrant specification domain. Consequently, intercalation in both directions might be accomplished in very short order, as evidently occurs in tadpole tail regenerates. Furthermore, retinoids may also directly affect cell cycle rates. For example, retinoids affect the activity of an intrinsic cell-cycle-associated clock during rat oligodendrocyte differentiation (36) .
Cell cycle perturbations may also be indicated by the generation of periodic segmental anomalies in chick embryos exposed to heat shock during gastrulation (25) . 
Implications of the model

